In order to assess whether there is discordance in the timing of thrombus resolution between deep vein thrombosis (DVT) and pulmonary embolism (PE), we analyzed current evidence from recent major literature, and evaluated its prognostic implications. After an episode of proximal DVT, residual vein thrombosis (RVT), as shown with ultrasonography, is still detectable in approximately 50% of patients after three months, and in lower proportions afterwards. RVT is likely to represent a marker of hypercoagulability, and is associated with an approximately doubled risk for recurrent thromboembolism, post-thrombotic syndrome, arterial thrombotic events and cancer. Males, individuals with extensive thrombosis and those with previous thromboembolism have the highest likelihood of developing RVT. Conversely, based on recent findings in 85% of patients with PE a full recanalization, as shown by CT scanning, is achieved, and in the remaining patients the thrombotic mass decreases by 80%. No association exists between residual embolism and the risk for recurrent thromboembolism or chronic thromboembolic pulmonary hypertension. Accordingly, repeating CT scanning for prognostic implications does not seem justified. These findings add to the growing perception that DVT and PE are to be regarded as separate pathophysiological entities.
Introduction
Although deep vein thrombosis (DVT) and pulmonary embolism (PE) are generally regarded as two clinical manifestations of the same disease, venous thromboembolism (VTE), and several elements induce to reconsider this assumption. For example, in up to 60% of patients with PE no clinical or objective manifestations of DVT are detectable [1] [2] [3] . The rate of recurrent VTE after discontinuation of anticoagulation is almost twice as high in patients with DVT as in those with PE [4] . In comparison with DVT patients, the risk of PE at recurrence is more than three times as high in patients with PE [5] . Finally, the rate of PE manifestations in patients with factor V Leiden is considerably lower than in non carriers, the so called "FVL paradox" [6, 7] .
In order to assess whether there is discordance in the timing of thrombus resolution between the two vascular disorders, we analyzed current evidence from recent major literature, and evaluated its prognostic implications.
Residual Clot in Patients with DVT
According to findings of studies which used repeat ultrasound imaging, the thrombotic mass decreases over time in patients with proximal DVT [8, 9] . However, residual vein thrombosis (RVT) is still detectable in approximately 50% of patients after three months, and in lower proportions afterwards [10] . Although the definition of RVT has varied according to the technique used for its detection, there is current agreement on the persistence of a thrombotic burden of at least 4 mm in diameter, as assessed with ultrasonography in the transverse section under maximum compressibility, in either the common femoral or the popliteal vein [11] . RVT is likely to represent a marker of hypercoagulability.
Whether RVT increases the risk of recurrent VTE is controversial, as there are data in favor and against this association [12] [13] [14] . In addition, whether RVT has the potential to predict the subsequent occurrence of other adverse events that are associated with hypercoagulability, such as the post-thrombotic syndrome (PTS), arterial thrombotic events and cancer is unknown.
In a recent prospective cohort study in a cohort of 869 patients with symptomatic proximal DVT, we related the development of recurrent VTE, PTS, symptomatic arterial thrombotic events and cancer to the presence of RVT at three months after the acute event. All patients received conventional anticoagulation [15] . The presence of RVT at 3 months after acute DVT was found in almost 50% of patients, and associated with an approximately doubled risk for recurrent VTE (hazard ratio [HR], 2.03; 95% CI, 1.40-2.94), PTS (HR, 2.34; 95% CI, 1.87-2.93), symptomatic arterial thrombotic events (HR, 2.05; 95% CI, 1.08-3.88) and cancer (HR, 3.09; 95% CI, 1.31-7.28). Males, individuals with extensive thrombosis and those with previous VTE were found to have the highest likelihood of developing RVT.
In this study, however, the impact of competing risks could only be partially obviated. In addition, all events were included in the analysis whichever their severity. Therefore, we performed a subsequent analysis, in which we regarded objectively proven recurrent VTE, severe PTS, manifest cancer, acute myocardial infarction or paralyzing stroke as having comparable high-degree severity, and pointed at the cumulative incidence of this combined end-point [16] . Once again, serious complications developed in more than twice as many patients with than without RVT (HR, 2.51; 95% CI, 1.87 to 3.36).
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While the association with the risk of recurrent VTE is consistent with the results of a recent patient-level meta-analysis of most available investigations addressing this issue [13] , the definitely increased risk of PTS, arterial thrombotic events and cancer was an unexpected finding. For the long-term clinical management of patients with proximal DVT a single assessment of RVT has, therefore, the potential to guide treatment decisions by enabling a better risk-stratification of patients. Based on these findings, RVT is likely to be by far the most important single predictor of PTS development. Of interest, in a subsequent analysis conducted in 1081 cancer-free patients with DVT the presence of RVT was found to be an independent predictor of subsequent overt malignancy in the only subgroup of patients with unprovoked DVT [17] .
If RVT may help identify individuals in whom anticoagulant therapy can be safely discontinued after an episode of DVT is uncertain. In 2009, we published the results of a randomized clinical trial, in which 538 patients with acute proximal DVT who had completed an uneventful 3-month period of anticoagulation were randomized to a fixed duration of anticoagulation (i.e., no further anticoagulation for secondary thrombosis, an extra 3-month for unprovoked thrombosis) or to a flexible duration of ultrasoundguided anticoagulation (i.e., no further anticoagulation in patients with recanalized veins, continuation of anticoagulation in all other patients up to a maximum of 9 months for secondary and 21 months for unprovoked thrombosis) [18] . Recurrent VTE developed in 46 (17.2%) of the 268 patients allocated to the fixed anticoagulant duration and in 32 (11.9%) of the 270 randomized to the flexible duration, for an adjusted hazard ratio (HR) of 0.64 (95% CI, 0.39 to 0.99).
Tailoring the duration of anticoagulation based on ultrasound findings is, therefore, likely to reduce the rate of recurrent VTE in patients with proximal DVT. However, the rate of recurrent VTE in those with earlier vein recanalization was not reassuringly low. In this regard, the results of the recently published DULCIS study appear of particular interest [11] . The adoption of an algorithm incorporating both RVT and serial D-Dimer was found to identify a substantial proportion of patients with unprovoked DVT in who anticoagulation can be safely discontinued (annual rate of recurrent VTE, 3.0%). According to recent findings, RVT can be of help for predicting the risk of recurrent VTE also in patients with cancer [19] .
Residual Clot in Patients with PE
The rate of residual thrombosis, defined as the long-term persistence of thrombotic material in the pulmonary artery tree following pulmonary embolism (PE), is uncertain. Although a recent systematic review reported low rates of recanalization (43% at 6 months) [20] , most studies used suboptimal methods for detection, such as perfusion lung scanning or older generation computed tomography (CT) scanners.
In a multicenter prospective study we determined the rate of residual thrombosis in a cohort of 113 consecutive patients with acute PE, as detected by 64-row multi detector CT, who were treated with anticoagulants alone and were re-assessed six months later with the same high-technology procedure [21] . The degree of artery obstruction (CT index) at baseline and after six months was calculated with the Qanadli scoring system [22] . Of these patients, 96 (85.0%) achieved full recanalization, while in the remaining 17 the CT index decreased from 50.0% to 5.6%. In only one patient was an intraluminal filling defect seen, while in the remaining the most common patterns were eccentric defects, vessel narrowing or occlusion, bands and webs, and post-stenotic dilatation. Male gender and the severity of pulmonary obstruction were independently associated with the occurrence of residual thrombosis.
Our findings are consistent with those of a similar observation conducted in the Netherlands [23] . In this study, 157 consecutive patients with acute PE diagnosed by multi detector CT underwent follow-up imaging with the use of the same technology after six months of anticoagulant treatment, and were then followed-up for 2.5 years. At baseline, the median obstruction index was 27.5%. After six months of treatment, complete PE resolution occurred in 82 patients (84.1%). The median obstruction index of the 25 patients with residual thrombotic obstruction was 5.0%. During follow-up, 16 patients (10.2%) experienced recurrent VTE. The presence of residual thromboembolic obstruction was not associated with recurrent VTE (adjusted HR, 0.92; 95% CI: 0.2 to 4.1).
These findings, combined with the absence of a correlation between residual thrombotic obstruction and recurrent VTE, do not support the routine use of follow-up CT imaging in patients treated for acute PE. In addition, they most likely account for the low risk of chronic thromboembolic pulmonary hypertension [24] , which contrasts with the high rate of PTS complications following an episode of DVT [15] . Finally, as for the time being detection of small and unspecific residual defects is unlikely to have any appreciable relevance in the management of patients with PE, repeating CT scanning for prognostic implications does not seem justified.
Conclusions
Timing and modalities of clot resolution in patients with DVT differ remarkably from those of patients with PE, as do their prognostic implications. Our findings, together with those coming from other centers, add to the growing perception that, although DVT and PE share many similarities, they are likely to be regarded as separate pathophysiological entities.
